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any condenser fabr icated f o r  use i n  the  SNAP-8, Rankine-cycle system. P r io r  
t o  and following the  shock and vibrat ion t e s t s ,  the  subject  condenser w a s  
qua l i ty  inspected according t o  specif icat ion AGC -STD-1260. No s t ruc tu r a l  
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l a t e r a l  and v e r t i c a l  na tura l  frequency at 100 and 150 Hz,  respectively.  
Resonant frequency amplif ication was a maximum a t  the  f i r s t  mode na tura l  
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I. INTRODUCTI ON 
The SNAP-8 condenser cons i s t s  of 73 tapered 9% chromium, 1% molybdenum 
( 9 ~ )  s t e e l  tubes contained i n  a Type 410 s t a i n l e s s  s t e e l  s h e l l  a s  shown i n  
Figure 1. Mercury vapor en te r s  the  l a r g e r  end of condenser and flows through 
the  tapered tubes while t h e  NaK, flowing counter t o  t h e  mercury, passes throu.gl2 
the  space wi th in  the  s h e l l  and around tube bundle. During normal operation, the  
condenser is  i n  t h e  v e r t i c a l  pos i t ion  with t h e  mercury vapor end up. 
The purpose of t h e  environmental v ib ra t ion  t e s t s  was t o  evaluate the  bas ic  
s t r u c t u r a l  design a t  conditions t h a t  a r e  expected during a vehic le  launch and/or 
landing and maneuvering mode i n  space. The NaK i n l e t  and o u t l e t  por t s  were r e -  
moved a t  one and one-half inches from the  manifolds s ince  they a r e  currentl-y 
under redesign f o r  increased i n t e r f a c e  loading and t o  reduce t h e  NaK-side p r e s s w e  
drop. Simulation of the NaK f l u i d  during v ib ra t ion  t e s t i n g  was a t t a i n e d  with 
Brayco Products Co. o i l  #922 which has a densi ty  and v i s c o s i t y  a t  room temperature 
close t o  t h a t  of NaK a t  600%. The mercury s i d e  was not f i l l e d  s ince  it i s  nor- 
mally empty during launch. 
NASA Speci f ica t ion 417-2, Rev. C.,  was used a s  t h e  guide i n  performing t b c  
v ib ra t ion  t e s t s .  Sinusoidal ,  random and shock t e s t s  were performed along the  
th ree  mutually perpendicular axes. Two accelerometers were mounted ins ide  two 
of the  mercury s ide  tubes, s i x  were mounted on the  s h e l l  and two were mounted t o  
the  frame-fixture supporting the  condenser. 
P r i o r  t o  shipment of t h e  condenser from AGC t o  LeRC, t h e  condenser was 
helium leak-checked and f low t e s t e d  t o  e s t a b l i s h  p re - t es t  conditions. I n  addi t ion ,  
a f t e r  a r r i v a l  a t  LeRC, t h e  ex te rna l  welds were dye-penetrant inspected and t h r ~ e  
X-ray photographs at  120' i n t e r v a l s  were made t o  obta in  the  p re - t es t  configurat ion,  
p a r t i c u l a r l y  of t h e  tube bundle. A second helium leak  check of t h e  e n t i r e  u n i t  
was again performed t o  ensure t h a t  shipment of t h e  u n i t  d id  not cause s t r u c t u r a i  
damage . 
11, S m Y  
The condenser PIN 093043-1, SIN A - 1 ,  was subjected t o  shock and v ib ra t ion  
t e s t s  a s  spe l l ed  out  i n  t h e  NASA Speci f ica t ion NAS 417-2. Results  of the  constaat  
amplitude, s inuso ida l  v ib ra t ion  revealed t h a t  the  condenser assembly has a t  l e a s t  
four  n a t u r a l  frequencies and responds i n  t h e  manner of a  beam subjected t o  forced 
v ib ra t ion  and f ixed  a t  both ends. For v e r t i c a l  e x c i t a t i o n  and response, resonance 
occurred a t  140, 270, 440, and 900 Hz. The ampl i f ica t ion f a c t o r  a t  t h e  lowest 
n a t u r a l  frequencies was 9 times t h e  e x c i t a t i o n  amplitude and 25 t o  50% of t h i s  value 
a t  t h e  higher n a t u r a l  frequencies. The combined amount of damping inherent  i n  t h e  
s t r u c t u r e  and due t o  a NaK-simulating o i l  was estimated t o  be 5% of c r i t i c a l ,  
Maximum response t o  random v ib ra t ion  was observed t o  occur a t  t h e  lowest na"cw-.al 
frequency of t h e  system, i .e . ,  100 t o  120 Hz. The r m s  de f l ec t ion  of the  tube bundle 
and s h e l l  were .023 and ,025 inch, respect ively .  It was determined t h a t  ne i ther  t h e  
tube bundle nor any two adjacent  tubes would c o l l i d e  i f  t h e  random instantaneous peak 
acce le ra t ion  of t h e  e x c i t a t i o n  had a Gauss iandis t r ibut ion.  The minimum clearance 
was computed t o  be .060 inches i f  t h e  instantaneous peak acce le ra t ion  of t h e  input  
was t h r e e  times t h e  20 'g '  rms value. 
When subjected t o  a 13 'g'  peak amplitude shock pulse,  t h e  condenser exper- 
ienced a peak response of 20 'g'  a t  t h e  s h e l l  and i n  the  tube bundle. The maximm 
dynamic load f a c t o r  ca lcula ted  was 1.67. The r e l a t i v e  displacement of the  tube 
bundle and s h e l l  ca lcula ted  f o r  maximum response was .0093 inches. Considering ;he 
span of t h e  condenser, these  def lec t ions  would not cause high bending s t r e s s e s  i n  
these  members. 
A comparison of q u a l i t y  assurance t e s t  data taken before and a f t e r  t h e  shock 
and v ib ra t ion  t e s t s  indica ted  t h a t  t h e  condenser had not suffered any degradation 
i n  e i t h e r  i t s  s t r u c t u r e  or hydraulic performance. 
I n  conclusion, it i s  reasoned t h a t  t h i s  design i s  acceptable f o r  use i n  the  
SNAP-8 power conversion system with regard t o  i t s  capab i l i ty  t o  sus ta in ,  without 
dele ter ious  e f f e c t s ,  t h e  shock and v ib ra t ion  wi th  t h e  spec i f i ed  levels .  
111. PRE-VIBRATION TEST RESULTS 
I n  ord.er t o  e s t a b l i s h  a  reference a s  t o  the  condenser's s t r u c t u r a l  i n t e g r i s y ,  
configurat ion,  and hydraulic performance, t h e  following procedures were u t i l i z e d :  
A. Hydraulic flow t e s t  per  AGC-STD-1260. 
B. Proof pressure t e s t  per AGC-STD-1260. 
C. Helium leak  check per MIL-STD-271. 
D. Dye -penetrant inspection of the  ex te rna l  welds per MIL-1-6866. 
E. Radiographic inspect ion of welds and tube bundle pos i t ion  per MIL-1-6865, 
The flow, proof pressure,  and helium leak  t e s t s  were performed a t  Aerojet- 
General Corporation, Azusa , California . Data, ca lcula t ions ,  and p lo t t ed  res t l l t s  of 
the  flow t e s t s  a r e  recorded on Eages t o  of Appendix A. 
P r i o r  t o  shipment t o  NASA-LeRC, Cleveland, Ohio, the  condenser was cleaned, 
dr ied ,  and sealed  with p o s i t i v e  pressure (10.0 ps ig )  ni trogen gas i n  both the  MaK 
and mercury passages. The u n i t  w a s  then placed i n  a  heavy-wall polyethylene bag 
with descicant  (see MIL-P-116) and posi t ioned i n  t h e  shipment container.  
A t  HASA-LeRC, t h e  helium leak  check was repeated, followed by the  dye- 
penetrant  and radiographic inspections according t o  t h e  above l i s t e d  spec i f i ca t ions ,  
Table I gives the  r e s u l t s  of t h e  t e s t s  performed a s  ca l l ed  out i n  Items ( A )  through 
(E) above compared with t h e i r  respect ive  requirements. 
A s  a l l  of t h e  acceptance t e s t  requirements had been met, the  condenser and 
associated t e s t  equipment was prepared f o r  t h e  shock and v ib ra t ion  environmental 
t e s t s .  
I V ,  SHOCK AND VIBRATION ENVIROFMENTAL TESTS 
The subject  condenser, P/N 093043-1, was del ivered t o  NASA-LeRC f o r  shock sad 
vibra t ion  t e s t i n g .  The purpose was t o  determine i f  t h e  u n i t  was capable of w i t h -  
s tanding c e r t a i n  spec i f i ed  l eve l s  of s inuso ida l  and random v ib ra t ion  a s  wel l  a s  
shock loading and t o  measure the  dynamic response of the  s t r u c t u r e  i n  these  environ- 
ments. During these t e s t s ,  the  condenser would be i n  a  non-operating s t a t e ,  Lee,, 
the  mercury s i d e  would not contain f l u i d  (except a i r ) ,  while t h e  NaK s i d e  would be 
f i l l e d  with a  f l u i d  simulat ing HaK. The condenser would be mounted t o  a  t e s t  fix-. 
t u r e  and t e s t e d  i n  the  hor izonta l  pos i t ion  a s  shown i n  Figure 2. 
A. Procedures 
The f l u i d  used f o r  s imulat ing NaK i n  the  condenser w a s  Brayco Products 
Co. o i l ,  #922, whose physica l  proper t ies  a r e  compared with NaK i n  the  following 
t a b l e  : 
Physical  O i l  No. 922 TJaK 
Proper tg a t  7 0 9  a t  6 0 0 9  
Density (lb/cu. f t )  47.4 50.1 
Viscosi ty  ( ~ b / f t .  -hr. ) 2.16 0.615 
Before t h e  o i l  w a s  inse r t ed  i n  the  condenser, t h e  NaK i n l e t  and outlet 
tubes (see Figure 1) were removed from t h e  condenser a t  approximately two inches 
from the  t o r o i d a l  manifolds (see Figure 2) .  This was done because these  t u l x s  a r e  
cur ren t ly  being redesigned t o  reduce pressure drop and t o  withstand higher i n t e r -  
f ace  loading. The remaining i n l e t  and o u t l e t  por t s  had caps, with 3/8-16 b o l t s  
welded t o  them f o r  o i l  i n s e r t i o n  and removal. 
The condenser was mounted on an all-aluminum support f i x t u r e  a s  slzown 
i n  Figure 2. The t o t a l  weight of the  system was 224 pounds comprised of a eonden- 
s e r  dry weight of 93.5 pounds, 25.8 pounds of Brayco O i l  (.543 cu. f t . )  and a f i x -  
t u r e  weight of 104.7 pounds. The white s t r a p s  (shown i n  Figure 2 )  located  a t  the  
middle of the  condenser held t h e  Impacto-Graph used t o  record shock loading during 
shipment from AGC t o  TJASA-LeRC. These were removed p r i o r  t o  the  environmental t e s t s .  
Ten accelerometers were mounted t o  t h e  system, e igh t  on t h e  condenser 
proper and two on t h e  support f i x t u r e  near t h e  condenser-to-fixture i n t e r f a c e s ,  O f  
t h e  e ight  accelerometers mounted on the  condenser, s i x  were f ixed  t o  t h e  s h e l l  aiid 
two were placed on t h e  inner wal ls  of two c e n t r a l  tubes about 13.0 inches i n  fro12 
t h e  mercury i n l e t  end header. The condenser-mounted accelerometers a r e  of the  
un iax ia l  type and a r e  shown i n  Figure 2 a s  a r e  t h e  f i x t u r e  accelerometers. Also 
shown i n  Figure 2 a r e  t h e  a x i s  designations f o r  the  system t o  which a l l  inpu-cs 
and responses a r e  referenced i n  t h e  remainder of t h i s  repor t .  
For s inusoidal  and random v ib ra t ion  t e s t s ,  the  system was mounted on 
the  v ib ra t ion  e x c i t e r  f o r  the v e r t i c a l  (Y) ax i s  and on t h e  teem t a b l e s  f o r  the  
l a t e r a l  (z)  and long i tud ina l  (x) axes. It should be noted a t  t h i s  time t h a t  no 
accelerometers were mounted on t h e  condenser i t s e l f  which would give X-axis response, 
A l l  responses t o  X-axis v ib ra t ion  and shock were measured i n  terms of the  Y- and Z- 
axes accelerometers. 
The s inuso ida l  and random v ib ra t ion  t e s t s  were made along each of zhree 
orthogonal axes, X, Y, and Z while shock pulses were input  i n  s i x  d i rec t ions  
+ X-, 5-, and +Z-axes. Accelerometers 2, 3, and 4 measured responses i n  t h e  Y- 
- - 
a x i s  ( v e r t i c a l )  while responses i n  the  Z-axis ( l a t e r a l )  were measured by aecelero- 
meters 5, 6, and 7. The response of t h e  tubes i n  t h e  Y-axis was transduced by 
accelerometer 9 while accelerometer 10 response is  between t h e  Y- and Z- axes. 
Accelerometers L and 8 measured responses i n  the  d i r e c t i o n  of the  exci ta t ion , ,  
Outputs were recorded on nagnetic tape and then played out on an X-Y 
p l o t t e r  f o r  t h e  s inuso ida l  v ibra t ion.  Shock t e s t  d a t a  were displayed on an o s e i l -  
loscope and photographed. Random v ib ra t ion  data was processed on a frequency 
analyzer and p l o t t e d  on a power s p e c t r a l  densi ty  versus frequency bas i s .  
B. Sinusoidal  Vibrat ion Test  
The subject  condenser was excited by s inuso ida l  v ib ra t ion  over a range 
of e x c i t a t i o n  Trequencies from 20 t o  2000 Hz. The e x c i t a t i o n  had a peak accelera-  
t i o n  amplitude of 1.0 'g '  and t h e  frequency t r averse  was yerformed with a sweep 
r a t e  of one octave per minute. Each t e s t ,  performed along t h e  th ree  orthogonal 
axes, had a run time of approximately 8.4 minutes. Speci f ica t ion PJAS 417 requires  
a 0.25 ' g ' p e a k  accelera t ion.  However, t h e  t e s t s  were conducted with a 1.0 'g" 
peak s ince  the  equipment would not con t ro l  a t  the  spec i f i ed  l eve l .  
1. Test Results  
Figures 3, 4, and 5 show the  s inuso ida l  e x c i t a t i o n  inputs  f o r  the  X-, 
Y-, and Z- axes, respect ively .  The coordinates of t h e  p l o t s  a r e  peak accelera t ion 
and t h e  exc i t a t ion  frequency. Appendix B contains t h e  p l o t s  of the  accelerometer 
responses t o  e x c i t a t i o n  i n  each of t h e  th ree  axes. The coordinates and t h e i r  
ca l ib ra t ions  a r e  t h e  same a s  the  con t ro l  p l o t s  of Figures 3 through 5. 
Recorded i n  Table 2 a r e  t h e  peak arnplif icat ion f a c t o r s  with t h e i r  corres-  
ponding frequencies and response axes f o r  each d i r e c t i o n  of exc i t a t ion .  The ampLj-- 
f i c a t i o n  f a c t o r s  were computed a s  t h e  r a t i o  of the  response amplitude t o  the  exclJia- 
t i o n  amplitude at  a s p e c i f i c  frequency. 
Peak values f o r  Y- a x i s  accelera t ion arnplif icat ion of Y-axis exc i t a t ion  
occurred a t  145, 280, 440, and 900 Hz a s  measured by t h e  s h e l l  mounted aceelero- 
meters 2, 3, and 4. The l a r g e s t  ampl i f ica t ion f a c t o r s  were measured a t  accelerometer 3 
with values of 9.0 and 8.0 a t  frequencies of 145 and 900 Hz, respect ively .  The n ~ a x i -  
mum ampl i f ica t ion f a c t o r  f o r  the  tube bundle was 9.0 a t  150 Hz (~cce le romete r  g), 
Peaks i n  the  Z-axis response t o  Y-axis input  were observed a t  t h e  same frequencies 
s t a t e d  above, but t h e  arnplif icat ion was lower. A t  145 Hz, t h e  maximum a m p l i f i e a t ~ c n  
was 4.8 measured a t  the  condenser mid-point while the  average ampl i f ica t ion was 2 - 3  
computed from the  values a t  280, 4-40, and 900 Hz a t  a l l  X-axis locat ions .  
Z-axis peak acce le ra t ion  values r e l a t i v e  t o  Z-axis e x c i t a t i o n  were observed 
a t  100,230, 470, and 800 Hz from t h e  s h e l l  mounted accelerometer response data 
(accelerometers 5, 6, and 7). A t  100 and 235 Hz, the  g r e a t e s t  a m p l i f i c a t i o ~ i  f a c t o r s  
were ca lcula ted  a t  t h e  condenser mid-point (accelerometer 6) having values of 7.4 
and 9.0 respect ively .  The tube bundle response data  a l s o  indicated  peak accelera-  
t i o n  a t  approximately t h e  same frequencies a s  t h e  s h e l l .  The maximum amplif ' ieation 
fac to r s  f o r  t h e  9 C r  - 1 Mo tubes were 7.3 a t  LOO Hz from accelerometer 9 (y-axis)  
data and 10.0 a t  95 Hz from accelerometer 1 0  (between Y- and X-axes)data. An 
average value f o r  t h e  Y-axis ampl i f ica t ion f a c t o r  t o  Z-axis input  computed froni 
s h e l l  response data was 4.8 f o r  a l l  Y - a x i s  accelerometer locat ions .  
Responses measured a t  t h e  condenser s h e l l  t o  X-axis e x c i t a t i o n  were bel-ween 
3.5 and 1.8. Y-axis ampl i f ica t ion occurred a t  140, 200, 600, 1050, and 1750 Hz wrth 
an average value of 2.5 except a t  140 Hz where the  maximum ampl i f ica t ion f a c t o r  was 
7.3. The average Z-axis amplif icat ion fac to r  was somewhat lower (being 2 ,1 ) ,  w i - c l l  
a maximwn value of 4.8 a t  140 Hz. The maximum arnplif icat ion f a c t o r s  of 7.3 and 4,8 
ex i s ted  a t  t h e  condenser mid-point. The tube ampl i f ica t ion f a c t o r s  r e l a t i v e  t o  
X-axis e x c i t a t i o n  were a maximum a t  135-140 Hz with values of 5.7 and 8.4 determiiied 
from accelerometers 9 and 10, respect ively .  
The Y-axis responses t o  Y-axis input  and Z-axis responses t o  Z-axis input 
a r e  p lo t t ed  i n  Figure 6 versus t h e  posi t ions  a t  which they were measured. The zero 
point  along the  abscissa corresponds t o  t h e  anchor point  a t  the  small  end of the 
condenser. The p r o f i l e s  were assumed from beam v ib ra t ion  data of Reference 1 a t  
t h e  f i r s t ,  second and t h i r d  modes f o r  a f ixed-fixed beam. Since t h e  response 
curves give only the  absolute magnitude of the  response, the  s ign  convention of 
Figure 6 was chosen t o  indicate  t h e  d i r e c t i o n  of response, pos i t ive  (-I-) being i l l  
t h e  d i r e c t i o n  of the  e x c i t a t i o n  and negative ( - )  aga ins t  the  exc i t a t ion  motion. 
Damping of the  system was estimated from t h e  response a t  the  lowest 
frequency, i .e . ,  a t  100-145 Hz. The following equation was used ( ~ e f e r e n c e  I) to 
ca lcu la te  the  f r a c t i o n  of damping: 
tj L. = a . / ( 2 m )  
where A ca, Is the  frequency increment a t  t h e  half  -power point  ( i . e , ,  a t  
a value where the  response i s  equal  t o  the  maximum response divided by the  
J 2 ). From t h e  Y-axis response data ,  the  damping was computed t o  be .05 or 5% 
of c r i t i c a l .  From the  Z-axis data,  t h e  amount of s t r u c t u r a l  damping was estimated 
t o  be 4.4% of c r i t i c a l .  
I n  s m a r y ,  resonant response of t h e  condenser system t o  s inusoidal  es:eit- 
a t i o n  of constant  amplitude occurs a t  145, 280, 440, and 900 Hz f o r  the  Y-axis and 
100, 230, 470, and 800 i n  the  Z-axis. The maximum ampl i f ica t ion occurs a t  the two 
lowest frequencies with a value of 9.0 and a c t i n g  a t  a point  27 inches from the  
s u m o r t  a t  the  small  diameter end of t h e  condenser. The amount of damping in the  
s t r u c t u r e  was estimated t o  be between 4.4 and 5.0% and behaves a s  a f ixed-fixed or  
fixed-hinged beam. 
C. Shock Test 
Shock loading was applied t o  t h e  condenser i n  the  form of a ha l f - s ine  
impulse with a 12.0 ' g t  peak amplitude and an eleven millisecond durat ion.  This 
procedure was performed along each of the  th ree  orthogonal axes i n  both d i rec t ions ,  
A photograph of a t y p i c a l  exc i t a t ion  pulse i s  shown i n  Figure 7 with pe r t inen t  i n -  
formation f o r  i n t e r p r e t i n g  t h e  pulse coordinates. The spec i f i ed  peak amplitude of 
the  pulse was 15  'g '  but was reduced t o  12 ' g r  due t o  equipment l imi ta t ions .  
1. Test  Results  
The peak amplitude of t h e  responses a r e  l i s t e d  i n  Table 3 f o r  each 
d i r e c t i o n  of shock loading. Responses of the  system i n  d i rec t ions  perpendicular 
t o  the  ax i s  of the  pulse were, i n  general ,  l e s s  than 50% of t h e  pulse peak a s  
recorded by the  shell-mounted accelerometers. For example, with a shock pulse i n  
e i t h e r  the  pos i t ive  or negative X-axis, t h e  Y-axis response was between 2 and 3 bgf 
while t h e  X-axis response was about 1 'g ' .  The tube mounted accelerometers gave 
response values of 3.0 t o  5.0 'g '  t o  f X-axis shock. Responses of the  system i n  
t h e  same ax i s  of t h e  shock a r e  given i n  Figure 8 p lo t t ed  a s  a funct ion of t h e i r  
pos i t ion  along t h e  condenser. The abscissa zero point  represents  the  anchor point  
a t  the  l a rge  end of the  condenser. It would be expected t h a t  the  condenser would. 
exh ib i t  the  l a r g e s t  response a t  the  pos i t ion  of accelerometers 3 and 6 or t h e  responses 
would be relat ively-  uniform along the  condenser length. However, the  g r e a t e s t  resloonse 
occurred a t  the  l a rge  diameter end of the  condenser. A poss ib le  explanation is  that 
the  c o l l a r  (pa r t  of the  condenser assembly) a t  t h e  l a rge  end i s  more r i g i d  t h a l  the 
condenser bracket  a t  t h e  small  end, thus t ransmit t ing  t h e  shock load more effec'civcly. 
The tube bundle responses t o  Y-axis shock was approximately equal  to 
t h a t  measured on the  s h e l l  by accelerometer 2 with a value of 19.0 t o  20 ' gg" ,  W i t l l  
r espect  t o  Z-axis shock, the  maximum Y-axis response was 9.0 'g '  and 11.0 ' g '  
between t h e  Y- and Z-axes. However, it i s  expected t h a t  the  a c t u a l  Z-axis response 
t o  Z-axis shock would be i n  t h e  range of 19.0 t o  20 'g' . 
Given i n  the  t a b l e  below a r e  t h e  dynamic load f a c t o r s  ca lcu la tec  fro111 
the  data i n  Table 3. The dynamic load f a c t o r  i s  defined a s  the maximm response 
amplitude t o  t h e  peak amplitude of the  shock pulse. 
Accelerometer 
No. 
Axis of Shock Pulse 
& X * Y * z 
The de f l ec t ion  o r  r e l a t i v e  displacement of the  tapered tubes and the 
condenser s h e l l  were determined from the  peak response amplitude and t h e  f i r s t  mcde 
n a t u r a l  frequency. The r e l a t i o n s h i p  used was - 
where A, y  = r e l a t i v e  displacement, inches 
A = acce le ra t ion ,  g t s  
f n  = n a t u r a l  frequency, Hertz 
Tabulated below a r e  the  r e s u l t s  of these  ca lcu la t ions :  
Shock Response Accelerometer 
Axis Axis No. f n  A 
Y Y 2 145. 20. -0093 
z z 7 loo. 18. .0176 
Y Y 9 145. 20. .OOg3 
I n  view of t h e  low def l ec t ions  f o r  a  12 t o  13 'g '  shock load, t h e  deflecteon 
f o r  t h e  spec i f i ed  15  'g' shock load would be l a r g e r  by a  f a c t o r  of 1.25. It i s  
f e l t  t h a t  t h e r e  i s  no danger of the  9 C r  - 1 Mo tubes h i t t i n g  one another nor any 
s t r u c t u r a l  damage occurring t o  e i t h e r  the  tube bundle or  s h e l l .  
D. Random Vibrat ion Tests  
Response of the  condenser was t o  be determined over a Srequency range of 
20 t o  2000 Hz t o  random s inusoidal  v ib ra t ion  spec i f i ed  t o  have an overall. Level of 
20 'g'rrms. The acce le ra t ion  densi ty  was d i s t r i b u t e d  over t h e  frequency range a s  
follows : 
20 t o  100 Hz - 3.0 db/octave, increase 
1-00 t o  600 HZ - 0.4 ~ / H z ,  constant 
600 t o  2000 HZ - 6.0 db/octave, decrease 
The allotted time durat ion t o  complete t h i s  procedure f o r  each of' the ~ b r e e  
mutually perpendicular axes was th ree  minutes per ax i s .  Figure 9 represents  the above 
t e s t  requirements compared t o  the  a c t u a l  input .  The to lerances  f o r  acce le ra t ion  
densi ty  were +loo% and -50% of t h e  0.4 g2/Hz l eve l .  The frequency analyzer used 
had a bandwidth of 25 Hz. 
1. Test  Results  
Acceleration dens i ty  p lo t t ed  versus exci taz lon Srequency represent ing 
t h e  response of t h e  condenser a r e  contained i n  Appendix C. Recorded i n  Table 4 are 
only the  maximum response acce le ra t ion  densi ty  f o r  each direction of input ,  t h e  
frequency a t  which the  maximum occurred and the  calculated r m s  acce le ra t ion ,  
Most of the  maximum responses occurred between 100 and 150 Hz wi t :?  
the  remaining responses sca t t e red  between 160 and 195 Hz. Response t o  X-axLs ra.1- 
dom e x c i t a t i o n  was most evident  i n  the  Y-axis d i r e c t i o n  with an accelera t ion densi ty  
of 0.9 and 1.0 g 2 / ~ z  a t  s h e l l  accelerometers 3 and 4. Z-axis accelera t ion densi ty  
values were between 0.14 and 0.28 g2/Hz. Values of acce le ra t ion  densi ty  i n  the  sane 
a x i s  a s  the  input  var ied  from 0.8 t o  1.70  HZ f o r  the  Y-axis and 1.3 t o  2.20 for 
t h e  Z-axis recorded a t  the  condenser s h e l l  a t  frequencies of 120 and 100 Hz, respee- 
t i v e l y .  Responses recorded a t  the  9 C r  - 1 Mo tubing i n  t h e  same a x i s  a s  the  raq.dorr. 
e x c i t a t i o n  wex-e 1.0 and 1.20 g2/Hz f o r  the  Y- and Z- axes, respect ively ,  a t  105 and 
102 Hz respect ively .  
The r e l a t i v e  mean-squared displacement of a simple system i s  def ined  
where - 
A $  = r e l a t i v e  mean squared displacement, i n  2 
g = grav i ty  constant ,  386 in/sec/sec  
Go input  accelera t ion densi ty,  g 2 / ~ z  
f n  = f i r s t  mode n a t u r a l  frequency, Hz 
Q = 0.5/ f rac t ion of damping, dimensionless 
Calculated de f lec t ion  values a r e  shown i n  the  t a b l e  below f o r  response i n  t h e  
same d i r e c t i o n  a s  t h e  exc i t a t ion  f o r  t h e  tube bundle and s h e l l .  
Accelerometer 
Axis No. f, G, Q B;Y 
Y 2 12 o 0.46 10. .020 
I f  t h e  tube clearance i n  t h e  bundle i s  .l92 inches a s  spec i f i ed ,  then no 
c o l l i s i o n  between tubes w i l l  take place even i f  any two adjacent  tubes displace In 
opposite d i rec t ions .  The clearance between t h e  s h e l l  and tube bundle i s  much greater  
than t h e  tube-to-tube clearance and no c o l l i s i o n  here is  expected t o  occur, 
It i s  assumed t h a t  t h e  d i s t r i b u t i o n  of t h e  instantaneous accelera t ions  of 
the  random exc i t a t ion  i s  Gaussian, i . e . ,  0.3% of t h e  time during random e x c i t a t i o n  
the  peak instantaneous acce le ra t ion  is  g rea te r  or equal  t o  th ree  times the  r m s  va1.v-e, 
When the  acce le ra t ion  value is th ree  times the  rms value,  the  displacement 01 t h e  
tubes would be .066 inches and t h e  minimum clearance f o r  the  condition where two 
adjacent  tubes displaced i n  opposite d i rec t ions  would be: 
minimum clearance = .192 - 2 (.066) = .060 inches 
Hence, it i s  predicted t h a t  unless t h e  tubes were bent during f a b r i c a t i o n  
t h a t  would reduce the  clearance below .132 inches, t h e  p o s s i b i l i t y  of two adjacent 
tubes co l l id ing  i s  remote. 
V. POST-VIBRATION TEST RESULTS 
Following the  environmental v i b r a t i o n  t e s t s ,  t h e  NaK simulat ing o i l  was removed 
from t h e  condenser. Helium leak  check, dye-penetrant and radiographic procedures 
were again employed t o  determine what damage, if any, had occurred t o  t h e  condenser, 
The r e s u l t s  of these  t e s t s  indica ted  t h a t  no s t r u c t u r a l  changes had taken place by 
subjec t ing  the  condenser t o  the  v i b r a t i o n a l  and shock environments. The condenser 
was then re-packaged and re turned t o  Aerojet-General Corporation, Azusa, CaliPorn-ia, 
Af ter  a r r i v i n g  a t  AGC, t h e  caps t h a t  had been welded t o  t h e  NaK por t s  were 
c a r e f u l l y  removed and t h e  por t s  rewelded with the  tube sec t ions  t h a t  were cut  of f  
o r ig ina l ly .  The u n i t  was then proof and flow t e s t e d  per  the  same requirements a s  
given under Pre-Vibration Test  Resul ts  with the  ca lcu la t ions  and p l o t t e d  data given 
i n  Appendix A.  
Table 5 compares the  r e s u l t s  of t h e  pre-and pos t -  v i b r a t i o n  t e s t s  together  wit11 
t h e  spec i f i ed  c r i t e r i a .  The s l i g h t  differencebetween the  pre-  and post  - v i b r a t i m  
NaK s i d e  pressure  drop of 6.9 t o  6.7 can be a t t r i b u t e d  t o  instrumentat ion and not .to 
any change i n  the  s t r u c t u r e  of the  condenser passages. There was no evidence of 
change indica ted  from the  r e s u l t s  of the  other  t e s t s .  Of major importance i s  t h a t  
the  i n t e g r i t y  of t h e  weldments and the  tube bundle pos i t ion  had been maintained, 
V I .  CONCLUDIgG REMARKS 
The r e s u l t s  of t h e  v i b r a t i o n  t e s t i n g  and q u a l i t y  conformance in spec t ion  of 
t h e  condenser be fo re  and a f t e r  environmental v i b r a t i o n  have l e d  t o  t h e  fo l lowing  
conclusions : 
. The p re sen t  condenser des ign  is  acceptab le  f o r  use i n  a system and i s  
capable of wi ths tanding  t h e  v i b r a t i o n a l  loading  a s  s p e c i f i e d  i n  EASA S p e c i f i c a t i o n  
417-2, REVC. 
. From a s t r u c t u r a l  a s p e c t ,  t h e  m a t e r i a l s  and f a b r i c a t i o n  procedures a r e  
more than  adequate.  
. The f l u i d  dynamics of t h e  condenser would not  be changed due t o  v ib ra -  
t i o n s ,  and shocks imposed on it due t o  launch condi t ions .  
. Maximum responses of t h e  condenser, both s h e l l  and tube  bundle,  a r e  exper-  
ienced between 100 and 150 Hz. 
. F i l l i n g  t h e  NaK-side of t h e  condenser p r i o r  t o  launch and/or maneuver phases 
of t h e  system adds t o  t h e  inhe ren t  s t r u c t u r a l  damping and se rves  t o  reduce t h e  con- 
denser responses.  
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TABLE 1 
Pre-Vibration Inspection Test Results - Condenser P/N 093043-1, s/N A - 1  
Results 
6.9 p s i d @  40,000 lbs/hr NaK flow 78 psid @ 40,000 lbs/hr NaK flow 
;y 
r 0.7' psid @ 12,000 lbs/hr l i q .  Hg flow 2.0 psid @ 12,000 lbs/hr l i q .  Hg flow 
i 1 Proof: Zero leakage observed a t  275 psig  held 
I f o r  ten  minutes 
Helium 
Leak 
Check: 
Dye Pene- 
t r a n t  : 
No leakage observed. Leak checks per- 
formed were NaK-to-air , NaK-to-Hg and 
Hg-to-air. Pressure l e v e l  was 50 
microns. Sens i t iv i ty  was s e t  t o  
3.0 x 10'1° s td .  cc/sec. 
No indications of porosity,  cracks and 
other surface imperfections. 
No indications of porosity,  cracks, 
excessive drop-through and lack of 
penetrat ion.  
Zero leakage @ 275 psig  held f o r  ten  minutes 
Pressure l e v e l  50 microns. Helium leak r a t e  
1 x 10-7 s t d ,  cc/sec. 
See MIL-1 6866. 
See MIL-1-6865. 
Table  2 
Table 3 
TABLE 4 
Condenser P/N 093043-1, S/N A - 1  
Response Data of Random Vibration Test 
. ~ 
* Uni-axial accelerometer mounted between Y & Z axes. 
fn  = natural  frequency ( ~ e r t z )  Q 
.-.go = peak acceleration density (9- /HE)  
t 
Accel ' r . 
NO. 
2 
3 
4 
5 
6 
7 
9 
10 
= peak root mean square acceluation (g)  
h i s  
Y 
Y 
Y 
z 
z 
z 
Y 
*Y -z 
Response t o  X-axis 
Random Vibration 
(5) 
150. 
150. 
125. 
150. 
160. 
160. 
150. 
170. 
Response t o  Y-axis 
Random Vibration 
(ggyHz) 
.48 
90 
1.00 
.14 
. 28 
.18 
.60 
.40 
I 
f n  
115. 
124. 
115. 
150. 
160. 
140. 
105. 
n o .  
f Response t o  Z-axis 4 
Random Vibration 
~ m n s  
(g)  
3.46 
4.75 
5.00 
1.87 
2.65 
2.12 
3.88 
3.16 
f n 
190. 
175 
195 
loo. 
100 . 
loo. 
102. 
120. 
go 
.80 
1.00 
1.70 
.15 
.13 
.13 , 
1.0 
.50 
€ k m s  
4.47 
5.00 
6.51 
1.94 
1.81 
1.81 
5.0 
3. 5k 
go 
.24 
.40 
.16 
2.20 . 
1.90 
1.30 
1.20 
50 
&tms 
2.45 
3.16 
2.00 
7.42 
6.90 
5-70 
5.48 
3.54 
Comparison of Pre- and Post- Vibration Test Results on Condenser P/N 093043, S I N  A - 1  
Pre-Vibration Post -Vibra t ion 
Test Results Results Requirements 
I 
Flow : 
Proof : 
He liwn 
Leak 
Check: 
Dye pen- 
e t ran t  : 
X-Ray : 
6 .9  psid @ 40,000 lbs/hr 
Nahl flow 
0.7 psid @ 12,000 lbs/hr 
l iqu id  Hg flow 
Zero ps ig  decay a t  275 
psig  pressure held f o r  
10 minutes 
Zero leakage observed. 
Pressure l eve l  50 mic- 
rons. Sens i t iv i ty  s e t  t o  
3.0 x 10-lO s td .  cc/sec. 
No indications 
No defects  observed. 
6.7 psid @ 40,000 lbs/hr 
NaIl flow 
Same 
Same 
Same 
Same 
1 Same 
7.0 psid 4 40,000 lbs/hr NaK flow I 
2.0 psid 4 12,000 lbs/hr l i qu id  Hg 
flow 
Zero ps ig  decay a t  275 psig  pres-  
sure held fo r  10 minutes 
Pressure l eve l  r 50 microns. Helium 
leak r a t e  permissible i s  1.0 x 10'7 
s t &  cc/sec. 
See MIL-1-6866 
See MIL-1-6865 
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APPENDIX A 
Pm-AND-POST VIBFUTION 
TEST DATA 
AGG- S'D-1260 
Mercury Condenser 
TEST DATA RECORD 
-v, b) ;(, i r c  No, L* !- Ser, No, 4-1 Date 22 .. J a n u a r y  -pw-p ~ 9 6 ,  
"1 P e r f a m e d  b Data reduced by Sifv 
Ccg~1izant Engineer Inspector Pa lovino -- 
2ecard Ref erencs 
Descri~tioa 
a. 2
(Type Model) 
VEECO MS9AB 
C a l i b r a t o r  SC-4 
Inventmy No, 
--"- 
X. Visual Inspection: 
Q,C, Acceptace tag no, A-66807 
Mercuq  passage flow test.: 
AP at 12,000 1b/hr f P 0 ~  rate: 
NaK passage flaw test: 
A P  at ~ b / h r  f low rate: psid 
part NO.  ~ 9 3 8 4 3  ~ e r .  NO. *-I &te 22 Janusry il69 
Mercury Flow % s t  Data (see 5.3.1) 
Water temperature ( T ~ )  : 70 OF Mercury temperature ( T, ) : 570 OF 
Water densi ty  (yw): 62.4 l b / f t 3  Mercury density (ym) : 803 l b / f t  3 
Water v i scos i ty  (p  ): 2.3 l b / f t  h r  
W 
~ e r c u r y  v i scos i ty  ("1: 2.2 i b / f t  hr 
NaK Flow % s t  Data (see 5.2.2) NaK temperature ( Tn ) : 550'~ 
Water temperature (Tw): 70 OF NaK density (7,): 50.1 l b / f t  3 
Water density (7 ): 
W 
62.4 l b / f t 3  NaK v iscos i ty  (P ): 0.615 - l b / f t  hr 
n 
Water v i scos i ty  (pw): 2.3 l b / f t h r  

I PRE- VIBRATION L I Q U I D  y PRSSSURh DROP CAl/SRATlOEJ 
AGC- STD-1260 
Part No, Ser. 80. A-1 'hte 22 Sanv. 
Record Reference 
5. Prosf test "5.3 
ESaK passage proof presaure sig . 
M e r c w ~  passage proof preasure 27 5 ~ a i g  = 
* e Helium leak Lest ( 2 )  ' 531 5 
Exterml leak rate atd cc/ssc 
Internal leak rate std cc/ssc 
7 61 Seal  5 6  
N internal presswe, N a K  passage 2 10 ps ig 
AGC- ~ ~ 1 2 6 0  
Mercury Condenser 
TEST DATA RECQRD 
Ser, No, Date -- 
T e s t  2erfaLmed b h t a  reduced by R, Siev 
Zoqnizant Zagineer R. Siev Inspector Mike Kostka 
- 
Fiiecaxd 
i, T e s t  sq~sipment 
Ref erencs 
4,2,3. 
Description 
an 2 
(Type Model) 
Serial o r  
Inventory No, 
Calibration 
Due 
Date 
Test Pressure Gauge 
0-300 ps ig  
Diff .  Press.  Gauge 
0-150 psid 
Diff .  Press ,  Gauge 
0-50 ps id  
Dif f .  Press.  Gauge 
0-15 psid 
8 Apr i l  1970 
3 Apr i l  1970 
30 June 1970 
Notes 
Visual Inspection: 
Q,@, Acceptance tag no* 
Mereuq passage f low test: 
AP at. 12,000 
NaK passage flow test: 
A P  a t  ~ h / h r  flow rate:-- 6.7 psid 
part  NO.  0 9% 43 Ser. No. A - 1  Date 9 January 1 973 
Mercury Flow Test h t a  (see 5.2.1) 
Water temperature ( T ~ )  : 63 OF Mercury temperature (T,) : 570 OF 
Water density 62.3 1b/f t3  Mercury density (7,) : 803 l b / f t  3 
Water v i scos i ty  (' ): 2.661b/ft h r  
W 
Mercury v i scos i ty  (pm): 2.2 l b / f t  hr 
NaK Flow Test Data (see 5.2.2) NaK temperature ( T, ) : 550'~ 
63 0 Water temperature (TW): F NaK density ( y,) : 50.1 l b / f t  3 
Water density ( yw): 62.3 l b / f t 3  NaK v i scos i ty  (%): 0.615 l b / f t  hr 
Water v i scos i ty  ('=) : 2.66 l b / f t  h r  
PRCTSSURS PROP CALI BRAT I 0  
- .  
- to" 
Past No, Date 1- 
Record Ref erenee 
Prosf test 
W passage proof pressure sig. 
M e r c q  passage proof pressure '75 ~ s i g *  
HelBurn leak test (2) ' 568 5 
&term1 leak rate std cc /~asc  
Internal leak rate std ce /ssc  
N internal press,rre, NaR passage Non,e ps  ig 2 
APPENDIX B 
RESPONSE CURVES O F  THE 
S I W S O I D A L  'VIBRATION T E S T  
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APPENDIX C 
IIESPOHSE CURVES OF THE 
RANDOM VIBRATION TEST 
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